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[Title of Invention] Self -Cross-Linking Alkyl Cellulose 
Derivative and Production Process Therefor 

[claims] 

[claim l] A process for producing a self - cross - linking 
alkyl cellulose derivative, which comprises irradiating, 
with radioactive rays, a mixture of a starting alkyl 
cellulose derivative (the number of carbon atoms of the 
alkyl group is 1 to 3 , the alkyl group may be substituted by 
a hydroxyl group or a carboxyl group) (100 parts by weight) 
and water (5-2,000 parts by weight) . 

[claim 2] A process for producing a self -cross - linking 
alkyl cellulose derivative according to claim 1, wherein the 
starting alkyl cellulose derivative is carboxyalkyl 
cellulose, hydroxyalkyl cellulose, or alkyl cellulose, 
having at least one hydroxyl group or carboxyl group per 
glucose unit; or a mixture of these celluloses. 

[claim 3] A process for producing a self - cross - linking 
alkyl cellulose derivative according to claim 1, wherein 20% 
or more of the entirety of hydroxy groups and carboxyl 
groups of the starting alkyl cellulose derivative forms an 
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alkali metal salt, an ammonium salt, or an amine salt. 

[claim 4] A process for producing a self -cross- linking 
alkyl cellulose derivative according to claim 1, wherein the 
starting alkyl cellulose derivative has an average 
polymerization degree of 10-2,000 and an average 
etherif ication degree of 0.5 or more. 

[claim 5] A process for producing a self -cross-linking 
alkyl cellulose derivative according to claim 1, wherein the 
self-cross-linking alkyl cellulose derivative has a gel 
fraction of 0.1% or more. 

[claim 6] A process for producing a self - cross - linking 
alkyl cellulose derivative according to claim 1, wherein the 

dose of radioactive rays is 0.1 kGy or more as reduced to y- 
rays . 

[claim 7] A process for producing a self -cross- linking 
alkyl cellulose derivative according to any one of claims 1 
through 6, wherein the produced alkyl cellulose derivative 
is further subjected to a drying step. 

[claim 8] A self-cross-linking alkyl cellulose 

derivative produced through a production process as recited 
in any one of claims 1 through 7. 

[claim 9] A self-cross-linking alkyl cellulose 

derivative according to claim 8, wherein, when the dried 
self -cross-linking alkyl cellulose derivative (0.2 g) is 
added to an aqueous acetic acid solution (buffer having a pH 
of 4.5) (10 ml) containing 0.5 wt . % of cellulase and the 
resultant solution is allowed to stand for eight hours, the 
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percent biodegradation of the derivative is 50% or more. 

[ Claim 10 ] A self -cross- linking alkyl cellulose 
derivative according to claim 8, wherein the amount of 
distilled water, which the self -cross - linking alkyl 
cellulose derivative absorbs, is 30 times or more the weight 
of the derivative. 

[ Claim 11 ] A self -cross-linking alkyl cellulose 
derivative according to claim 8, wherein the resultant gel 
has a compressive strength of 100 g/cm^ or more. 

[detailed description] 
[oool] 

[industrial Field] 

The present invention relates to a process for producing 
a self -cross-linking alkyl cellulose derivative and a self- 
cross- linking alkyl cellulose derivative further exhibiting 
biodegradability which are produced by irradiating a mixture 
of an alkyl cellulose derivative and water with radioactive 
rays; and a novel self - cross - linking alkyl cellulose 
derivative produced through the above process. 
[0002] 

[prior art] 

Conventionally, carboxymethyl cellulose (CMC) or salts 
thereof are employed in the form of aqueous compositions 
such as paints, adhesives, coating agents, cataplasms, and 
soft cream; in ground- improving agents in the construction 
field; and in soil - improving agents, water retention agents, 
and coating agents in the agricultural and horticultural 



4 



fields . 

Japanese Patent Application Laid-Open {kokai) No. 10- 
324701 discloses carboxypolysaccharides which are produced 
chemically through intramolecular or intermolecular self- 
cross - linking of hyaluronic acid, alginic acid, or CMC (the 
term "self -cross- linking" refers to cross- linking that 
proceeds in the absence of a cross - linking agent) . 
According to the method described in this publication, 
carboxyl and hydroxyl groups of carboxypolysaccharides are 
subjected to intramolecular or intermolecular dehydration in 
the presence of a catalyst so as to form ester bonds, 
whereby self -cross- linking is achieved. This method does 
not employ radioactive rays to effect cross-linking, and 
therefore, the preparation of raw materials is complex, and 
a dehydration catalyst is necessary. 

Japanese Patent Application Laid-Open {kokai) Nos . 8- 
89796 and 8-196901 disclose water-absorbable resins which 
are produced through chemical cross - linking of carboxyalkyl 
cellulose or carboxyalkyl starch with amino acids. The 
cross - linking process according to this publication does not 
employ radioactive rays, and has some disadvantages that the 
preparation of raw materials is complex and an expensive 
cross-linking agent is necessary. 

In general, water-soluble polymers are cross-linked by 
use of a cross - linking agent or under irradiation with 
radioactive rays, and the resultant polymers are used as 
highly water-absorbable resins or gelation compounds (simply 
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referred to as "gel") . Particularly, polyacrylic acid is 
employed as absorbing agents in, for example, paper diapers. 
However, polyacrylic acid is not biodegradable to any 
significant extent and has, therefore, associated disposal 
problems. When such water-absorbable resins or gels are 
intended to be used in the construction field; i.e., 
outdoors, they must possess biodegradabili ty after use. 

CMC, which is a water-soluble polymer, is known to be 
biodegradable in the presence of an enzyme such as cellulase. 
However, when CMC alone is exposed to radioactive rays, CMC 
is decomposed prior to cross - linking thereof, and thus CMC 
is not effectively cross-linked through the irradiation. 

Japanese Patent Publication (kokoku) No. 47-17965 
discloses that CMC can be reacted with epichlorohydrin, to 
thereby produce a cross-linked product. However, the 
resultant product exhibits poor water-absorbability and 
raises problems in terms of safety. 
[0003] 

[Problems to be solved by the invention] 

Accordingly, the present invention is directed to a 
process for producing a self -cross-linking alkyl cellulose 
derivative through irradiation with radioactive rays; a 
self -cross-linking alkyl cellulose derivative, a self-cross- 
linking alkyl cellulose derivative exhibiting improved 
biodegradability, and a self -cross- linking alkyl cellulose 
derivative exhibiting excellent water-absorbability produced 
through the process . 
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[0004] 

[Me ans to solve the Problem] 

The present inventors have performed extensive studies, 
and have found that a self -cross-linking alkyl cellulose 
derivative can be easily produced by irradiating an aqueous 
solution of an alkyl cellulose derivative such as CMC with 
radioactive rays; and that a self -cross - linking alkyl 
cellulose derivative exhibiting biodegradability or 
excellent water-absorbability, or a self - cross - linking alkyl 
cellulose derivative exhibiting biodegradability and 
excellent water-absorbability can be produced by modifying 
the raw materials or irradiation conditions. The present 
invention has been accomplished on the basis of these 
findings . 

[0005] 

First of the present invention provides a process for 
producing a self -cross-linking alkyl cellulose derivative, 
which comprises irradiating, with radioactive rays, a 
mixture of an alkyl cellulose derivative serving as a 
starting material (hereinafter the derivative may be 
referred to simply as a "starting alkyl cellulose 
derivative") (the number of carbon atoms of the alkyl group 
is 1 to 3, the alkyl group may be substituted by a hydroxyl 
group or a carboxyl group) (100 parts by weight) and water 
(5-2,000 parts by weight) . 

Second of the present invention provides a process for 
producing a self -cross-linking alkyl cellulose derivative 



7 



according to first invention, wherein the starting alkyl 
cellulose derivative is carboxyalkyl cellulose, hydroxyalkyl 
cellulose, or alkyl cellulose, having at least one hydroxyl 
group or carboxyl group per glucose unit; or a mixture of 
these celluloses. 

Third of the present invention provides a process for 
producing a self -cross - linking alkyl cellulose derivative 
according to first invention, wherein 20% or more of the 
entirety of hydroxy groups and carboxyl groups of the 
starting alkyl cellulose derivative forms an alkali metal 
salt, an ammonium salt, or an amine salt. 

Fourth of the present invention provides a process for 
producing a self - cross - linking alkyl cellulose derivative 
according to first invention, wherein the starting alkyl 
cellulose derivative has an average polymerization degree of 
10-2,000 and an average etherif ication degree of 0.5 or more 

Fifth of the present invention provides a process for 
producing a self - cross - linking alkyl cellulose derivative 
according to first invention, wherein the self-cross- 
linking alkyl cellulose derivative has a gel fraction of 
0.1% or more . 

Sixth of the present invention provides a process for 
producing a self - cross - linking alkyl cellulose derivative 
according to first invention, wherein the dose of 

radioactive rays is 0.1 kGy or more as reduced to y-Tays. 

Seventh of the present invention provides a process for 
producing a self - cross - linking alkyl cellulose derivative 
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according to any one of first invention through sixth 
invention, wherein the produced alkyl cellulose derivative 
is further subjected to a drying step. 

Eighth of the present invention provides a self-cross- 
linking alkyl cellulose derivative produced through a 
production process as recited in any one of first invention 
through seventh invention. 

Ninth of the present invention provides a self-cross- 
linking alkyl cellulose derivative according to eighth 
invention, wherein, when the dried self -cross-linking alkyl 
cellulose derivative (0.2 g) is added to an aqueous acetic 
acid solution (buffer having a pH of 4.5) (10 ml) containing 
0.5 wt.% of cellulase and the resultant solution is allowed 
to stand for eight hours, the percent biodegradation of the 
derivative is 50% or more. 

Tenth of the present invention provides a self-cross- 
linking alkyl cellulose derivative according to eighth 
invention, wherein the amount of distilled water, which the 
self -cross-linking alkyl cellulose derivative absorbs, is 30 
times or more the weight of the derivative. 

Eleventh of the present invention provides a self- 
cross - linking alkyl cellulose derivative according to 
invention eighth, wherein the resultant gel has a 
compressive strength of 100 g/cm^ or more. 
[0006] 

[Embodiment of the invention] 

In the present invention, the alkyl cellulose 
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derivative serving as a starting material is carboxyalkyl 
cellulose (A) , hydroxyalkyl cellulose (B) , alkyl cellulose 
(C) , or a mixture of these celluloses. Each of these 
celluloses has at least one hydroxyl group or carboxyl group 
per glucose unit. 
[0007] 

Carboxyalkyl cellulose (A) 

Carboxyalkyl cellulose (A) serving as a starting 
material in the present invention is produced by 
substituting the hydrogen atom of a hydroxyl group in a 
cellulose molecule by a carboxymethyl group, a carboxyethyl 
group, or a carboxypropyl group. Carboxyalkyl cellulose (A) 
is preferably carboxymethyl cellulose or carboxyethyl 
cellulose . 

In the aforementioned carboxyalkyl cellulose, 20% or 
more, preferably 40% or more, of the entirety of carboxyl 
groups form an alkali metal salt, an ammonium salt, or an 
amine salt. Examples of alkali metal salts include a sodium 
salt, a potassium salt, and a lithium salt. Of these, a 
sodium salt is preferable. 

When the percentage of carboxyl groups which 
constitute the salt is less than 20%, the cellulose is 
difficult to be uniformly mixed with water or solved in 
water. The upper limit for the percentage of carboxyl 
groups which form the salt is not particularly limited, and 
may be as high as 100%. 
[0OO8] 



10 



Hydroxyalkyl cellulose (B) 

Hydroxyalkyl cellulose (B) serving as a starting 
material in the present invention is produced by reacting 
the hydrogen atom of a hydroxyl group in a cellulose 
molecule with, for example, ethylene oxide or propylene 
oxide. Therefore, the hydrogen atom is substituted by a 
hydroxyethyl group (-C2H4OH), a hydroxy isopropyl group (- 
C3H6OH) , or a hydroxy- n -propyl group (-C3H6OH); or by a 
polyoxyalkylene ether- subs tituted group which is formed by 
reacting thus obtained terminal hydroxyl group with 1 to 10 
molecules of ethylene oxide or propylene oxide. 
Hydroxyalkyl cellulose (B) is preferably hydroxyethyl 
cellulose or hydroxypropyl cellulose. 

In the hydroxyalkyl cellulose (B) , 20% or more, 
preferably 40% or more, more preferably 50% or more of the 
hydroxy groups form an alkali metal salt. The alkali metal 
salt is, for example, sodium salt, potassium salt, lithium 
salt and so on, and preferably sodium salt. 

When a salt forming ratio is less than the above ratio, 
it is apt to be difficult to form a homogeneous mixture with 
water or aqueous solution. There is no limitation to the 
upper limit of the salt forming ratio, it may be 100%. 

[0009] 
Alkyl cellulose (C) 

Alkyl cellulose (C) serving as a starting material in 
the present invention is produced by partially substituting 
hydrogen atoms of hydroxyl groups in a cellulose molecule 
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with a methyl group, an ethyl group, or a propyl group. 
Alkyl cellulose (C) is preferably methyl cellulose. 

The degree of alkyletherif ication of the 
aforementioned alkyl cellulose is 66% or less, preferably 
50% or less, more preferably 33% or less. 

In alkyl cellulose (C) serving as a starting material, 40% 
or more, preferably 50% ore more of the resultant hydroxy 
groups form an alkali metal salt. The alkali metal salt is, 
for example, sodium salt, potassium salt, lithium salt and 
so on, and preferably sodium salt . 

When a salt forming ratio is less than the above ratio, 
it is apt to be difficult to form a homogeneous mixture with 
water or aqueous solution. There is no limitation to the 
upper limit of the salt forming ratio, it may be 100%. 
[OOlO] 

The average polymerization degree of the 
aforementioned alkyl cellulose derivative is not 
particularly limited, but in practice, the degree is about 
10-2,000, preferably about 50-1,000, more preferably about 
200-800 . 

[ooli] 

The average etherif ication degree (i.e., the degree to 
which the hydrogen atom of a hydroxyl group on cellulose is 
substituted by a carboxyalkyl group, a hydroxyalkyl group, 
or an alkyl group) of the alkyl cellulose derivative is 0.5 
or more, preferably 0.8 or more, more preferably 1.1 or more. 
The upper limit is 3 . 
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When the average etherif ication degree is less than 
0.5, satisfactory cross-linking does not result. 
[0012] 

The alkyl cellulose derivative serving as a starting 
material in the present invention may be a product produced 
through a known process, and particularly, commercially 
available products may be used. 
[0013] 

Carboxyalkyl cellulose can be produced through a 
variety of processes, such as a slurry process (high 
concentration solution process) or a kneader process (low 
concentration solution process) , which are conventionally 
employed. For example, carboxyalkyl cellulose can be 
produced through a process including a mercerization step 
and a carboxyalkylation step. In the mercerization step, 
cellulose is reacted with an alkali, to thereby form alkali 
cellulose. in the carboxyalkylation step, the alkali 
cellulose resulting from the mercerization step is reacted 
with monochloroacetic acid, to thereby produce carboxymethyl 
cellulose; or the alkali cellulose is reacted with an 
acrylate, and then the resultant ester is subjected to 
hydrolysis, to thereby produce carboxyethyl cellulose. 
[0014] 

Hydroxyalkyl cellulose is produced by reacting a 
hydroxyl group of cellulose with alkylene oxide. For 
example, hydroxyethyl cellulose and hydroxypropyl cellulose 
are produced by reacting hydroxyl groups of cellulose with 
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ethylene oxide and propylene oxide, respectively. Such 
hydroxyalkyl cellulose may further be reacted with alkylene 
oxide. For example, ethyl hydroxy ethyl cellulose is produced 
by reacting hydroxyethyl cellulose with ethylene oxide. 
[0015] 

Alkyl cellulose can be produced through the reaction 
between alkali cellulose and alkyl chloride or dialkyl 
sulfate. For example, methyl cellulose is produced through 
the reaction between alkali cellulose and methyl chloride or 
dimethyl sulfate; and ethyl cellulose is produced through 
the reaction between alkali cellulose and ethyl chloride or 
diethyl sulfate. 
[00I6] 

Cellulose obtained from a variety of materials such as 
wood pulp and linter pulp may be employed. The alkali may 
be an alkali metal such as lithium, potassium, or sodium; 
ammonia; or amine. Of these, sodium is usually employed in 
the form of hydroxide or aqueous solution. 

The amount of alkali (e.g., sodium hydroxide) which is 
employed in the mercerization step is usually about 30-80 
parts by weight, preferably about 40-75 parts by weight, on 
the basis of 100 parts by weight of cellulose. The amount 
of alkali (e.g., sodium hydroxide) which is employed in the 
slurry process is usually 35-70 parts by weight, preferably 
about 45-65 parts by weight, on the basis of 100 parts by 
weight of cellulose. In order to carry out mercerization, 
cellulose is employed usually in an amount of about 1-7 wt.% 



14 




and about 10-25 wt . % , in the slurry process and the kneader 
process, respectively. The amount of alkali employed in the 
mercerization step in the slurry process differs from the 
amount of alkali employed in the mercerization step in the 
kneader process. In the slurry process, mercerization may 
be carried out in an aqueous medium containing an alkali in 
an amount of about 1-10 wt . % . In the kneader process, 
mercerization may be carried out in an aqueous medium 
containing an alkali in an amount of about 2-15 wt.%. 

Mercerization may be carried out in the presence of an 
appropriate solvent. Examples of such solvents include 
water; alcohols such as ethanol and isopropanol; ketones 
such as acetone; and cellosolves such as methyl cellosolve 
and ethyl cellosolve. 

The thus -produced carboxyalkyl cellulose can be 
purified through moisture-evaporation, washing, and then 
drying. If necessary, after the reaction is complete, the 
carboxyalkyl cellulose may be treated with a peroxide such 
as hydrogen peroxide or peracetic acid to control the 
viscosity . 

[oolv] 

In the present invention, a mixture of a starting 

alkyl cellulose derivative and water in which the amount 

of water is 5-2,000 parts by weight on the basis of 100 

parts by weight of the alkyl cellulose derivative is 

irradiated with radioactive rays. 

As described above, when a starting alkyl cellulose 
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derivative such as CMC is irradiated with radioactive rays, 
decomposition of the derivative precedes cross- linking 
thereof. However, in the presence of water, hydroxy 
radicals are generated through the irradiation, and cross- 
linking of the derivative proceeds through the intervention 
of the hydroxy radicals. 

A mixture of the alkyl cellulose derivative and water 
may assume a form such that the derivative contains water 
absorbed in its structure, giving rise to a paste or an 
aqueous solution. Preferably, the alkyl cellulose 

derivative and water are uniformly mixed. 

When the amount of water falls below the above range, 
the degree of decomposition of the starting alkyl cellulose 
derivative increases, whereas when the amount of water is in 
excess of the above range, it is difficult for the 
derivative to undergo cross - linking . 

[ools] 

Examples of water employed in the present invention 
include city water, industrial water, degassed water, 
deionized water, gel-filtered water, and distilled water. 
Preferably, water not containing oxygen or ions is employed. 
[0019] 

Examples of the types of radioactive rays employed for 
irradiation in the present invention include a-rays, P-rays, 
Y-rays, X-rays, electron beams, and UV-rays. Of these, X- 
rays, electron beams, or y-rays from cobalt 60 are 
preferable. Particularly, irradiation with y-rays or 
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irradiation with electron beams by use of an electron 
accelerator can be effectively employed for the formation of 
a cross-linking structure. 
[0020] 

In the present invention, the dose of radioactive rays 
varies between whether enhancement of water absorbability is 
intended or enhancement of gel strength is intended. Also, 
the dose varies in relation to the mixing ratio of the 
starting alkyl cellulose derivative and water. 

In order to enhance water absorbability, the dose of 
radioactive rays is 0.1-50 kGy, preferably 0.3-20 kGy, more 
preferably 0.5-10 kGy, as reduced to y-rays. When the dose 
falls below the above range, cross- linking of the starting 
alkyl cellulose derivative does not proceed, and thus the 
water-absorbability of the resultant resin is unsatisfactory. 
In contrast, when the dose is in excess of the above range, 
cross-linking of the derivative is excessive, and thus the 
water-absorbability of the resultant resin is unsatisfactory. 

In order to obtain a high strength of the gel, the 
dose of radioactive rays is 20-300 kGy, preferably 30-200 
kGy, and more preferably 50-100 kGy, as reduced to yrays. 
When the dose falls below the above range, the strength of 
the resultant gel, particularly compressive strength 
decreases. In contrast, when the dose is in excess of the 
above range, production costs increase. 
[0021] 

When the alkyl cellulose derivative is irradiated with 
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radioactive rays in the absence of oxygen, the derivative 
can be cross-linked effectively (i.e., at a low irradiation 
dose) . This is because, when irradiation is carried out in 
the presence of oxygen, the extent of oxidative 
decomposition of the derivative increases. 
[0022] 

In order to enhance water absorbability, the gel 
fraction of the above -produced self - cross - linking alkyl 
cellulose derivative is 0.1-50%, preferably 0.5-40%, more 
preferably 1-30%. When the gel fraction of the self -cross- 
linking alkyl cellulose derivative falls below the above 
range, cross- linking of the derivative is unsatisfactory. 
In contrast, when the gel fraction is in excess of the above 
range, cross- linking of the derivative is excessive, and 
thus the water- absorbability of the resultant resin is 
unsatisfactory . 

In order to obtain a high strength of the gel, the gel 
fraction of the self -cross - linking alkyl cellulose 
derivative is 30% or more, preferably 50% or more, more 
preferably 60% or more. The upper limit of the gel fraction 
is 100%. When the gel fraction of the derivative falls 
below the above range, the strength of the resultant gel is 
unsatisfactory . 
[0023] 

The gel fraction is obtained through the following 
procedure: the self -cross- linking alkyl cellulose derivative 
is soaked in a large amount of distilled water (e.g., the 
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amount is 10-100 times that of the derivative) for 48 hours; 
the resultant derivative is subjected to filtration through 
use of a 20-mesh stainless steel sieve; and the ratio of the 
insoluble derivative remaining on the sieve is obtained as 
the gel fraction of the derivative. The gel fraction is 
obtained from the following formula: 
Gel fraction {%) = {W2/W1) X 100 
{wherein Wi represents the weight of the dried starting 
alkyl cellulose derivative employed, and W2 represents the 
weight of the dried insoluble derivative after filtration of 
the cross- linked derivative) . 
[0024] 

The biodegradability of the above-produced self -cross- 
linking alkyl cellulose derivative is measured through the 
following procedure. 

The self -cross- linking alkyl cellulose derivative 
produced through irradiation with radioactive rays is dried, 
and the dried derivative (0.2 g) is added to an aqueous 
acetic acid solution (buffer having a pH of 4.5) (10 ml) 
containing 0.5 wt . % of cellulase, which is an enzyme 
employed for testing biodegradability. The resultant 

solution is allowed to stand at 40''C for 0 to 8 hours, to 
thereby permit biodegradation of the derivative. The 
elapsed time and the percentage of the remaining self-cross- 
linking alkyl cellulose derivative are measured. The 
biodegradation (%) is obtained by subtracting the percentage 
of the remaining derivative from 100%. 
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In order to enhance water absorbability, the percent 
biodegradation of the self - cross - linking alkyl cellulose 
derivative during the above-mentioned period of time is 50% 
or more, preferably 70% or more, more preferably 80% or more 
The time necessary to biodegrade the derivative to 100% is 
controlled by determining the degrees of etherif ication or 
cross- linking . 

In order to obtain a high strength of the gel, the 
percent biodegradation of the self -cross- linking alkyl 
cellulose derivative at eight hours is 40% or more, 
preferably 50% or more, more preferably 60% or more. The 
time necessary to biodegrade the derivative to 100% is 
controlled by determining the degree of etherif ication or 
cross -linking . 
[0025] 

In the present invention, the self -cross- linking alkyl 
cellulose derivative irradiated with radioactive rays may be 
dried, and employed in the form of a solid or powder. 

The method for drying the self -cross- linking alkyl 
cellulose derivative is not particularly limited, and the 
derivative may be dried by means of a known method, for 
example, through heating or vacuuming, to thereby control 
the moisture in the derivative to a desired level. 
[0026] 

The water absorption ratio of the self -cross-linking 
alkyl cellulose derivative of the present invention is 
represented by the amount of distilled water which 1 g of 
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the dried self -cross- linking alkyl cellulose derivative 
(gel) absorbs. The water absorption ratio varies with the 
degree of gelation of the derivative, and the ratio is 30 g- 
1000 g/g-dried gel, preferably 100 g/g-dried gel or more, 
more preferably 200 g/g-dried gel or more. 
[0027] 

The self -cross- linking alkyl cellulose derivative of 
the present invention exhibits water-absorbability, high gel 
strength, and/or biodegradabili ty , in addition to the 
characteristics of the starting alkyl cellulose derivative. 
Therefore, the derivative can be employed for a variety of 
uses described in general publications or publications 
described in the "Background Art" of the present 
specification. In addition, the aforementioned 

characteristics allow the derivative to be used in products 
that must demonstrate a higher level of performance and in 
water absorption polymers such as for diapers or sanitary 
napkins . 

[0028] 
[Examples] 
Examples 

The present invention will next be described in more 
detail by way of Examples, which should not be construed as 
limiting the invention thereto. 

Starting carboxyalkyl celluloses (product of Daicel 
Chem. Ind., Ltd.) employed in the Examples are as follows. 

A: CMC, viscosity of 10 wt . % aqueous solution: 73 
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(mPa • 


s) 


at 20°C, average 


etherif ication degree 


: 1.27 






B : 


CMC, viscosity 


of 10 wt . % aqueous 


solution : 


161 


(mPa • 


s) 


at 20*^C, average 


etherif ication degree 


: 2.21 






C : 


CMC, viscosity 


of 10 wt . % aqueous 


solution : 


168 


(mPa • 


s) 


at 20*^C, average 


etherif ication degree 


: 0 . 86 






D : 


CMC, viscosity 


of 10 wt.% aqueous 


solution : 


250 


(mPa • 


s) 


at 20°C, average 


etherif ication degree 


: 1.29 






E: 


CMC, viscosity 


of 10 wt.% aqueous ! 


solution : 


3670 


(mPa • 


s) 


at 2 0'*C, average 


etherif ication degree 


: 1.22 






F: 


CMC, viscosity 


of 10 wt.% aqueous 


solution : 


244 


(mPa • 


s) 


at 20°C, average 


etheri f ication degree 


: 1.32 






G: 


carboxyethyl 


cellulose , viscosity 


of 10 


wt .% 



aqueous solution: 200 (mPa*s) at 20°C, average 
etherif ication degree : 1.32 

HPCl : hydroxypropyl cellulose, viscosity of 2 wt.% 
aqueous solution : 150-4 00 (mPa • s) at 2 0°C 

HPC2 : hydroxypropyl cellulose, viscosity of 2 wt.% 
aqueous solution: 1,000-4,000 (mPa-s) at 20**C 

MC5 : methyl cellulose, viscosity of 2 wt.% aqueous 
solution : 20-30 (mPa • s) at 2 0°C 

MC6 : methyl cellulose, viscosity of 2 wt . % aqueous 
solution: 6,000-9,000 (mPa-s) at 20°C 
[0029] 
(Example 1) 

Aqueous solutions each containing starting material F 
in an amount of 5, 10, 20, or 30 wt.% were irradiated with 
Y-rays . 
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The results are shown in Fig. 1. The x-axis of the 
graph shown in Fig. 1 represents the dose of y-i^ays (unit: 
kGy) , and the y-axis represents the gel fraction (wt.%) of 
CMC after irradiation. 
[0030] 
(Example 2) 

Aqueous solutions each containing one of starting 
materials A through E in an amount of 20 wt.% were 
irradiated with y-^rays. 

The results are shown in Fig. 2. The x-axis of the 
graph shown in Fig. 2 represents the dose of y-^ays (unit: 
kGy) , and the y-axis represents the gel fraction (wt.%) of 
CMC after irradiation. 
[003l] 
(Example 3) 

Aqueous solutions each containing starting material F 
in an amount of 5, 10, 20, or 30 wt.% were irradiated with 
y-rays. After completion of irradiation, the resultant CMC 
was dried, and the water absorption of the dried CMC was 
measured . 

The results are shown in Fig. 3. The x-axis of the 
graph shown in Fig. 3 represents the dose of y-rays (unit: 
kGy) , and the y-axis represents the amount of water (g) 
absorbed in 1 g of the dried gel of the irradiated CMC. 
[0032] 
(Example 4) 

Aqueous solutions each containing starting material F 
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in an amount of 20 or 30 wt.% were irradiated with y-rays of 
2 0 kGy. 

After completion of irradiation, the respective CMC 
solutions were subjected to biodegradation by use of 
cellulase. The percent biodegradation of each of the CMC 
solutions is shown in Fig. 4. The x-axis of the graph shown 
in Fig. 4 represents the biodegradation time (hours) , and 
the y-axis represents the remaining CMC {%) . The percent 
biodegradation is obtained by subtracting the remaining CMC 
(%) from 100%. 

[0033] 
(Example 5) 

An aqueous solution of starting material G in an 
amount of 20 wt.% was irradiated with yrays. 

Similar to the case of Example 1, the gel fraction of 

the resultant product increases as the dose of y-^ays 
increases . 

[0034] 
(Example 6) 

Aqueous solutions each containing HPCl, HPC2 , MC5, or 
MC6 in an amount of 30 wt.% were irradiated with y-^ays. 

The results are shown in Fig. 5. The x-axis of the 
graph shown in Fig. 5 represents the dose of y-^rays (unit: 
kGy), and the y-axis represents the gel fraction (wt.%) of 
HPCl, HPC2, MC5, and MC6 after irradiation. 

As is apparent from Fig. 5, each of HPCl and HPC2 
exhibits a peak of the gel fraction when the dose of y-rays 
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is 10-40 kGy, demonstrating achievement of satisfactory 
cross- linking . 

In the meantime, MC6 is cross-linked when the dose of 
y-rays is high, and MC5 , which has a low polymerization 
degree, is cross- linked when the dose is higher. 
[0035] 
(Example 7) 

Aqueous solutions each containing HPCl or HPC2 in an 
amount of 40 wt . % were irradiated with y^^iys. 

The results are shown in Fig. 6. The x-axis of the 
graph shown in Fig. 6 represents the dose of y-^^a^ys (unit: 
kGy) , and the y-axis represents the gel fraction (wt.%) of 
HPCl and HPC2 after irradiation. 

As is apparent from Fig. 6, the degree of cross- 
linking of the aqueous solution containing HPC in an amount 
of 40 wt.% is higher than that of the aqueous solution 
containing each of HPC in an amount of 30 wt.%. 
[0036] 

[Effect of the Invention] 

According to the present invention, a self-cross- 
linking alkyl cellulose derivative is produced. 

A water-absorbable resin or a gel of high strength can 
be produced depending on the type of starting alkyl 
cellulose derivative, the percentage of water during 
irradiation, or the dose of radioactive rays. In addition, 
by modifying such conditions, a biodegradable self-cross- 
linking alkyl cellulose derivative is produced. 



25 



[brief description of the drawings] 

Fig. 1 is a graph obtained from the results of Example 

1 and showing the relation between the irradiation dose and 
the gel fractions- 
Fig. 2 is a graph obtained from the results of Example 

2 and showing the relation between the irradiation dose and 
the gel fractions- 
Fig. 3 is a graph obtained from the results of Example 

3 and showing the relation between the irradiation dose and 
water absorption of dried products ; 

Fig. 4 is a graph obtained from the results of Example 

4 and showing changes over time in percent biodegradation ; 

Fig. 5 is a graph obtained from the results of Example 

6 and showing the relation between the irradiation dose and 
the gel fraction; and 

Fig. 6 is a graph obtained from the results of Example 

7 and showing the relation between the irradiation dose and 
the gel fraction. 

[Name of Document ] Abstract 
[Abstract] 

[problems to be solved ] To provide a process for 

producing a self - cross - linking alkyl cellulose derivative by- 
use of radioactive ray irradiation, the self - cross- linking 
alkyl cellulose derivative obtained by the above process, a 
biodegradable self -cross- linking alkyl cellulose derivative. 
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and a self -cross-linking alkyl cellulose derivative 
excellent in water-absorbability. 

[Means to solve the problem ] To a 20 wt% solution 

of a carboxymethyl cellulose 10 kGy of Y~^^ys is irradiated, 
and a self -cross-linking alkyl cellulose derivative having a 

biodegradability and excellent water-absorbability is 
obtained . 

[chosen drawing] None . 
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